The leaf epicuticular wax ultrastructure of 32 species of the genus Gethyllis are for the first time investigated and discussed. Non-entire platelets were observed in 12 species, entire platelets with transitions to granules in seven species, membranous platelets in nine species and smooth layers in eight species, Only GethyJlis transkarooica is distinguished by its transversely ridged rodl ets . The occurrence of transversely
Introduction
The outer epidermal cell walls of nearly all land plants are covered by a cuticle cons isting mainly of cutin, an insoluble lipid pOlyester of substituted aliphatic acids and long chain primary and secondary alcohols (HOlloway 1982) . The cuticles of the majority of seed plants are covered with epicuticular wax secretions in the form of wax layers and crusts or epicu ticula r crystallOids or bolh (surveys in Martin and Juniper 1970 , Barthlott and Wol lenweber 1981 , Jeffree 1986 , Barthlolt et al. 1998 .
Since Ihe lirst SEM-sludies were published (Amelunxen et al. 1967) , il became evident thai epicuticu lar wax crystalloid types are a relevant systematic and taxonomic characte r (Barth loti and WOllenweber 1981 , Jeffree 1986 , Frolich and Barthlott 1988 , Barthlott 1990 , Barthlolt et al. 1998 . It has been shown Ihat the respective type of epicuticular waxes (and other cuticular sculpturing) is geneticallY determined (Culler and Brandham 1977 , Barthlott and WOllenweber 1981 , Cutler 1982 and is often specific for a taxon at different levels: a genus (i. e. Eucalyptus l. Heritier: Hall am and Chambers 1970, Nelumbo Adans.: Barth lott et al. 1996) , a fam ily (i.e. Poaceae: Baum et al. 1980 , Tulloch 1981 , Fabaceae: Ditsch et al. 1995 or higher taxonomic groups (Fr6lich and , Hennig et al. 1994 , Ditsch and Barthlott 1997 .
Some environmental influences and infraspecific variations in the structure and development of epicuticular waxes (Juniper 1960 , Leigh and Matthews 1963 , Hall et al. 1965 , Hallam 1970 , Ren tschler 1974 , Baker 1974 and conve rgent shapes of waxes based on different chemical composition. however, can sometimes occur mainly in some sin-ridged rodlets is conspicuous and is interpreted as being convergent. In three species wax dimorphism was discovered, six species show a somewhat rosette-like orientation of non-entire or entire platelets and in four species a tendency to parallel orientation of non-entire or entire platelets was evident. It seems that Gethyllis, from its wax morphology, is highly diverse and deserves further subdivision. gle species among larger taxa , cu ltivated plants , varieties and mutants (Juniper 1960 , Leigh and Matthews 1963 , Hall et al. 1965 , Hallam 1970 , Rentsch ler 1974 , Baker 1974 , Reed and Tukey 1982 and must therefore be taken into account ). On the other hand , environmental influences and modifications of epicuticular wax ultrastructure were observed. Although these influences could alter Ihe degree 01 the wax depOSits (Irom either very dense 10 less dense or lotally absent) or its chemical composition (Juniper 1960 , Hall et al. 1965 , Hallam 1970 , Bake r 1974 , Rentschler 1974 , Reed and Tukey 1982 , only in rare cases is the crystalloid type itself changed (Baker 1982) . Therefore, in most cases the ultrastructure of epicuticular wax crystalloids has been shown to be a Significant systematic character in higher and lower level taxonomy (JeHree 1986 , Engel and Barthlott 1988 , Fehrenbach and Barthlott 1988 , Fr61ich and Barthlott 1988 , Barthlott 1990 , Hennig et al. 1994 , Theisen and Barthlott 1994 , Ditsch et al. 1995 , Wilhelmi and Barthlott 1997 .
Gethyllis L. possesses some unique features which are exceptional within the Amaryllidaceae. II is Ihe only genus where 6, 12, 18 or more stamens (sometimes connate) , a spiral arrangement of leaves and , together with Apodolir;on, a subterranean ovary occur (Dahlgren, Clifford and Yeo 1985 , Meerow 1995 , MUller-Dobl ies an d Muller-Doblies 1996 , Meerow and Snijman 1998 , Snijman 2000 . From a systematic viewpoint Gethyllis is usuallY allied to the tribe Haemantheae which possessses many supposed primitive fealures (Bjorn stad and Friis 1972). Its exact pOSition , however, is slill under discussion . Dahlgren, Clifford et al. (1985) considered Gethyllis (and Apodalirian Baker) as possibly being re lated to the basal tribe Haemantheae while Meerow (1995) assigned it to this tribe. Muller-Doblies and Muller-Doblies (1996) and Meerow and Snijman (1998) placed it in the tribe Gethyllideae. In an updated phylogenetic analysis of the Amaryllidaceae , however, the tribe Gethyllideae finds no molecular support (Meerow et al. 1999) .
Since the first revision of the genus by Baker (1885) who recognised nine species , new species were added until 1933 and later by Muller-Doblies (1986) so that, today, it comprises about 32 species all located in the winter rain fall areas and also the Karoo of southern Africa (Burtt 1970 , Snijman 2000 . H Bolus, using a single characte r, was the first who attempted to subdivide the genus Gefhyllis inlo the sections Clinastylis which included species with a long , exserted and declined style and Ol1hastylis wh ich included species with a straight and (comparatively) sh ort style (MacOwan and Bolus 188 1). Baker (1885) , however, made refe rence in his monograph to this character in his key, but failed to mention Ihe section names. Nearly 100 yea rs laler, based on his preliminary investigations, Muller-Doblies (1982 suggested a further subdivision of Gethyllis, i. e. into two subgenera with ten series (Prof Dr Muller-Doblies, pers. comm. ). For systematic and taxonomic purposes , the epicuticular waxes of 32 species of the genus Gethyllis L. were studied by high resolution SEM with a view to facilitating a better understanding of the genus.
Many proposals for the classification of the diHerent wax crystalloid types have, over a period of time, been published (De Bary 1871 , Amelunxen et al. 1967, Wilkinson 1979, Barthlott and Wollenweber 1 9S1 , Baker 1 9S2 , Jeffree 19S6) . The most recent typification by shall form the basis lor this presentation.
Materials and Methods
Young leaves we re harvested from the living collection BTU (Berlin-Dahlem) ( Table 1) and pieces of about 3 square mm were immediately fixed for 4.5 hours with 2.5% glutaraldehyde. The leaves were fixed , infiltrated, and dehydrated using the glycerol infiltration method described by Ensikat and Barthlott (1993) . Aher dehydration the samples were mounted on commercia l SEM-stubs with double-adhesive tape and stored fo r two weeks or longer in an desiccator with si lica gel. The specimens were coated with gold using a coo led sputter coater SCD 030 (Balzers Union, FL 9496 Balzers) in a 0,05mbar Argon atmosphere (10mA), with a Ihickness of 7nm , measured by a Cressington MTM oscillation-quartz-system (corresponding to about 1.5-2min sputtering lime), observed with a Hitachi S-520 Scanning Electron Microscope with 20kV accelerating voltage (0,1 nA) and photographed on Kodak plus-X 125 Professional film lor black and wh ite prints. The upper and lower leaf surfaces of all speci es we re investigated. Illustrations in Figures 1-12 are drawn from the glycerol-infi ltrated material and listed in the first column of Table 1 under 'species'. Specimens from other localities , either air-dried or fresh, were used only as controls. Herbarium voucher specimens are kept in herbarium BTU under their collection numbers.
Results
The main wax types found in the genus Gethyllis are described briefly in section A using the te rminology of and are illustrated in Figures 1-12. In section B the species are listed in alphabetical order and , whenever a characteristic pattern or assembly of the ir wax type is present, it is described in greater detail. In Table 2 the investigated species are summarised according to their respective wax types . Unless otherwise stated, no differences between upper and lower leaf surfaces were found and the wax crystalloids are non-oriented at the cell surface. For description purposes the density of the wax layer was defined as 'loose' (approximately 30-50 % of the surface visible) , 'dense' (10-30% of the surface visible) and 'very dense' (surface no t visible). If two wax types were observed on one eel! surface the te rm wax dimorphism is used. In this paper the terms 'platelets' (instead of scales) and 'crystalloids' (instead of crystals / crystall ites) are prefe rred (ef. discussion in . A few unpublished names of species/subspecies were used in the text. To highlight this, these names were marked wi th parentheses followed by the ir collection numbers.
A, Wax crystalloid types in Gethy/lis
Smooth layers ( Figure 1 ): According to Barthlott et al. (1 99S) , continous wax coverings are normally less than 1 ~m thick and lack any visible surface sculpturing. Species without wax crystalloids are described by this term in this paper. Because no fissures or cracks were observed in any of the species investigated, however, this term is purely speculative . But it can be assumed that the thin wax coverings, hardly detectable in SEM , represent Ihe obligate outermost border of the cuticle of presumably all land plants (ef. Hallam 1982 , Jeffree 1986 , Barthlott et al. 1995 .
Granules ( Figure 5 ) : Irregu lar, mostly isodiametric, ohen rounded crystalloids, ranging from very small to moderately large. In th is paper this type is only observed as a transitional form to entire platelets (see below) .
Non-entire (= irregular) platelets (Figu res 2 and 9): Flat crystalloids, more or less irregular in shape and with irregular margins, usually 1-10~m high , protruding ± perpendicularly from the surface.
Entire platelets (Figures 7 and 8 ): Like the former type but with entire margins and regu lar shape , usually 1 -3~m high and otten semicircular.
Membranous platelets (Figures 3, 4 and 12): Flat, membranous crystalloids, usually interconnected , otten forming a meshwork of thread like extensions , protruding from the surface at various angles from flat to upright, margins normally very irregular.
Transversely ridged rodlets ( Figure 6 ): Wax rod lets of variable length with ridges perpendicular to their axes, oriented ± perpendicular to the surface. The crystalloids have irregular cross sections and are sometimes hollow. Th e fo llowing resu lts are su mmarised in Table 2 .
Grid number
Unpublished names of spec ies/subspecies were marked with parentheses followed by th eir collection numbers .
Bolus, G multifofia L. Bolus (Figure 3 (Figure 1 ) and other species mentioned (see above).
G campanula ta L. Bol us (Figure 9 ): Dense layer of nonentire platelets in two distinct sizes on epidermal and guard cells (wax dimorphism). A larger size-class, partly with conspiciously elongated platelets and, in between , smaller platelets with transitions to granules. Slight tendency to pa rallel orientation of the larger platelets. ; rosette·like orientation of small entire platelets. 8. Gefhyllis sefosa (ad); entire platelets oriented into parallel groups or rows respectively. 9. Gethyflis campanulata (ab) : large and small non·entire platelets on one ce ll surface. 10. Gethyllis verrucosa (ad); large plates and non-entire platelets on one cell surface. 11 . Gethyllis uteana (ad): penphe ral leaf surface (left) with papilla·like epidermal cells and tabulated epidermal cells below (at the lOp). 12. Gethyllis ureana (ad); papilla-like epidermal cell; membranous platelets with lobed margins. Scale bars: 7 = 5l-lm, 8 = 5l-lm , 9 = 5l-lm , 10 ::. 5pm, 11 := 50l-lm . 12 = 5l-lm G verrucosa Marl. : Larger membranous platelets and dis· tinctly smaller entire plate lets, the latter forming a dense layer on epidermal and guard cells (wax dimorphism) ( Figure 10 ). 
Discussion
To date the most comprehensive survey of epicuticular waxes among the Monocotyledons (Fr6lich and shows the Amaryllidaceae as having manifold and widespread wax·types. Rare wax-types, however, were also observed as terete rodlets in Cyrtanthus purpureus (Ait. ) Traub and Leucojum aestivum L. or as transversely ridged rod lets in Brunsvigia josephinae Ker-Gawl. Fr6 1 ich and assign a relatively isolated position for the family bearing in mind that the pronounced and syslematical ly relevan t ' Convallaria-wax-type' (parallel oriented platelets) does not occur in this family. The Amaryl lidaceae, however, are lirmly embedded in th e order Asparagal es of the Lilianae (Dahlgen, Clifford and Yeo 1985 , Duvall et al. 1993 , Ru dall and Cutler 1995 and, fur-Ihermore, is closely related 10 Al liaceae and Agapanthaceae both morphologically and at the molecular level (Dahlgen , Clifford and Yeo 1985 , Chase el al. 1995 , Fay el al. 1994 , 1995 , Fay and Chase 1996 , Ito et al. 1999 , Meerow el al. 1999 . Therefore, instead of being isolated, the family should rather be described as being divergent when regarding the structure of its epicuticular wax crystallOids.
Fr61ich and did not investigate the waxtypes of Gethyllis. Thus, this investigation represents the very first attempt. From the results of th is study of epicuticular wax types it is evident that Ihe genus Gethyllis itself is not uniform and warrants further investigation (Weighn in prep.) . The results in Table 2 show a high dive rsity of the epicuticular wa x ultrastructure within the genus Gethyllis. In 12 species non-entire platelets we re observed , nine species have membranous platelets , seven species possess entire platelets, eight species smooth layers and only G transkarooica is distinguished by its transversely ridged rodlets. No variations within the wax types of populations from different localities cou ld be established. Thi s is in agreement with the general assumption that wax types, generally, are genetically fixed (ct. Cutler and Brandham 1977 , Barthlott and Wollenweber 1981 , Cutler 1982 ). In th ree species, however, a wax dimorphism (but also no obvious differences between different populations) was discovered; either within one cell surface (G campanu/ata, G verrucosa) or between th e leaf periphery and middle of the leaf (G uleana) .
The wax types between species and (unpublished) subspecies in 1) G alra and G alra (subsp. philosphica, U.&O.M-O 79236) and 2) G uteana and G uleana (subsp. glauca, U.&O.M-O 82139) were found to be different. Therefore , from the evidence of wax morphology, the creation of the two new subspecies is conceivable. Only in the second member of these species, however, could additional micromorphological evidence for two infraspecific taxa be found. This will be discussed in greater detail in a forthcom- show a somewhat rosette-like orientation which was first discovered in its typical form in the order Fabales and later in some other closely related families (Ditsch et al. 1995, Ditsch and . In Gethyllis the similarity to th is 'Fa bales-type' orientation seems to have a convergent origin. The highly significant ' Convallaria-wax-type' which characterizes the supercrder Lilianae (Barthlott and Frolich 1983 , Frolich and Barthlott 1984 , Barthlott 1990 was not found in its typical fo rm which confirms the previous results of Frolich and . However, in four species (G campanulata, G namaquensis, G setosa and G villosa) a slight tendency to parallel ori entation of non-entire or entire platelets cou ld be assigned.
The author is aware of the fact that epicuticular wax morphology represents only a single character and that a systematic evaluation cannot be based on this character alone .
Also, the chemica l components of the waxes in Gethyllis are , to date , unknown. Thus , the wax chemical com position of a species cou ld prove to be decisive for determining its final systematic and/or taxonomic position (Baker 1982 , Jeffree 1986 . At first glance it appears that the wax ultrastructure findings are not consistent with other find ings for vegetative, floral and genetic characters (Burtt 1970 , MOlier-Doblies 1982 , Vasa 1986 , Meerow and Snijman 1998 , Snijman 2000 . For instance , the diploid chromosome number is invariably 12 (Vasa 1986) and the flowers are fugacious and don't have 341 many reliable taxonomical characte rs (MOlier-Doblies 1986 , Snijman 2000 . Furthermore, the previous attempts to subdivide the genus cannot be supported by the present results_
The sections Orthostylis (G.. verticillata and G.. villosa) and
Clinoslylis (G longistyla) of H. Bolus (MacOwan and Bolus 1881) all have entire platelets. Species with more than six stamens (G alra, G hallii, G.. campanulata, G multilolia, G   grandiflora, G britteniana, G namaquensis, Gciliaris) and also species with six stamens, used by Baker (1885) as a cha racter in his key to the species and by MOlier-Doblies (unpub!') to distingUish between the supposed subgenera, also have different wax types. There appears to be a weak correlation between species with 2-armed (T-shaped) trichomes (G villosa, G longisfyla, G verrucosa, (G calcicola, U.&D.M-D 84028), G barkerae, G setosa) and species with entire platelets (G.. villosa, G longistyla, G.. verrucosa an d G setosa). Within this group only G barkerae and (G calcicola, U.&O.M-D 84028) have no epicuticular wax crystalloids (smooth layer).
Th e occurrence of transversely ridg ed rodlets prevalent only in Gethyllis transkarooica is unique for this genus which may imply that it has a relatively isolated position within this genus. On the other hand, a convergent origin as was also suggested for other plants, i.e. the occurrence of the 'Strelitzia-wax-type' in Oracaena L (cf. Frolich and should also be taken into account. One cannot favour any of the two hypotheses as yet but, in the Amaryllidaceae, transversely ridged rodlets are, based on our current knowledge, confined to Brunsvigia josephina e (Frolich and ) and a few other taxa within the Lilianae (Barthlott 1990, Barthlott and . Further investigation is needed in order to clarify the taxonomic and phylogenetic interrelations of the genus Gethyllis.
